At Leg 135 sites where velocity and density logs were acquired, synthetic seismograms are constructed to match seismic reflection data available for the sites. These synthetic seismograms provide a way to correlate the seismic data with the borehole lithology, and to determine what lithologic contrasts are causing the seismic reflections. Single-channel seismic reflection profiles acquired on board the JOIDES Resolution were reprocessed and migrated, and the synthetic seismogram was spliced into the profile at the location of the borehole. For Sites 840 and 841, synthetics were also constructed to match migrated multichannel seismic reflection profiles obtained by the U.S. Geological Survey research vessel S.P. Lee. The match between synthetic and real data is variable; for lines crossing Sites 834, 835, 838, 839, and 840, some excellent correlations can be made; for Site 841, the match of synthetic to real data is poor. Observed reflections are associated with lithologic unit boundaries; with coarse beds such as conglomerate, vitric gravel, and vitric sand; with basalts either within the basement or, as at Site 841, within the sedimentary section; and with sedimentary interbeds in basement basalts. Poor correlations between synthetic and real data are caused by rapid lateral changes in lithology at Site 840, and probably by a combination of rapid lithologic changes and faulting at Site 841.
INTRODUCTION
Seismic reflection data available over Ocean Drilling Program (ODP) Leg 135 sites ( Fig. 1 ) include three multichannel profiles collected before the cruise (S.P. Lee Cruise L5-82-SP, lines 8 and 14 over Site 840 and line 12 over Site 841; Scholl and Valuer, 1985) , and single-channel records collected on board the JOIDES Resolution during the cruise (Table 1) . A segment of single-channel data across each site was reprocessed and migrated for this report. Geophysical well logs were also collected during Leg 135 at six sites (Table 1) ; for each of these sites, the sonic and density logs allow the computation of a vertical incidence synthetic seismogram that can be compared with the seismic reflection data.
In this report, we show for each site with well logs the synthetic seismogram and the corresponding migrated seismic reflection data. The seismogram is plotted together with the velocity data, the calculated reflectivity coefficient, and a simplified lithologic column. We also show the migrated multichannel or single-channel seismic reflection profiles with the computed synthetic seismogram spliced into the site location. For two sites for which no logs were acquired, we show the migrated seismic reflection data and corresponding lithologic column plotted in time. Finally, we present a brief discussion for each site of how the synthetic seismogram correlates to the real reflection data and to the drilled lithology.
GEOPHYSICAL DATA COLLECTED OVER DRILL SITES
During Leg 135, geophysical data collected over the drill sites included 12-and 3.5-kHz bathymetric profiles, single-channel seismic reflection records, and magnetic data. The single-channel data were collected using two 80-in.
3 air guns that operated at an air pressure of about 2000 psi. The guns were towed 25 m behind the ship at a water depth of about 10 m. Data were recorded through a Multichannel seismic reflection data were processed and migrated for inclusion in Scholl and Valuer (1985) and in preparation for Leg 135. Processing of these data is described by Mann (1985) . Multichannel lines 8 and 14 (Site 840) were also reprocessed by Digicon in 1988 for the Committee for Co-ordination of Joint Prospecting for mineral resources in South Pacific offshore areas (CCOP/SOPAC). These reprocessed lines are available through CCOP/SOPAC, c/o Mineral Resources Department, Suva, Fiji. The Digicon reprocessed lines are shown in this report.
COMPUTATION OF SYNTHETIC SEISMOGRAMS
Sonic velocity and density logs were acquired at Sites 834-835 and 838-841. To create the synthetic seismogram, the sonic and density logs were first edited to remove obviously erroneous values. Sonic logs are required to compute a synthetic, but where no density information was available (mainly when sonic and density logs reached different depths in the hole), LindseuYs formula (density = [velocity -3460 ft/s]/0.308 x velocity) was used to convert the sonic velocity to a density value (Lindseth, 1979) . Logs were then converted from depth to time by using a conversion derived from the velocity log. Reflection coefficients were computed from the acoustic impedance, accounting for vertical-incidence transmission and reflection losses through the section. The synthetic seismogram was then created by convolving the reflection coefficients with a 45-Hz minimum phase wavelet for the single-channel seismic reflection data and a 25-Hz minimum phase wavelet for the multichannel data. The dominant frequency of the minimum phase wavelet was chosen to match the observed dominant frequency of the single-channel or multichannel seismic reflection data.
COMPARISONS OF SEISMIC REFLECTION RECORDS, DOWNHOLE LITHOLOGY, AND SYNTHETIC SEISMOGRAMS
In this section, we show for each site (1) the computed synthetic seismogram plotted alongside the corresponding velocity log, the acoustic impedance log and lithologic column (annotated in both time and depth); (2) the synthetic seismogram spliced into a 40-shotpoint segment of the corresponding seismic reflection profile to show details of the synthetic to real data correlation around the borehole; and (3) the synthetic seismogram spliced into a long section of the seismic profile (the segment of the line is given in Table 1 ) to show the relation of the synthetic to the regional seismic reflection profile. Dissimilarities between the synthetic seismograms and the seismic reflection data arise because of erroneous values in the logging data, because of the differing frequency contents of the synthetic and the reflection data, and because the Fresnel zone of the reflection data takes in a substantially larger area than just the borehole and therefore includes reflections generated by rocks and structures surrounding the borehole. In the synthetic seismograms, the computed reflections represent only the information sampled in the borehole. The simplified lithologic column and any lithologic descriptions presented below are from the appropriate site chapter in the Initial Reports volume for Leg 135 (Parson, Hawkins, Allan, et al, 1992) . The lithologic column is plotted in two-way traveltime in seconds to match the seconds scale of the seismogram. Depths are annotated along with time to provide a timeto-depth correlation, with the notable effect that the 50-m plotting interval is variable in width because of velocity-conversion effects.
Site 834
Site 834 is located in the northwestern part of the Lau Basin about 100 km east of the Lau Ridge in 2688 m of water (Figs. 1-2) . In Hole 834B, total sediment thickness overlying basalt was 112.5 m; basalt was cored to a total depth of 435.3 mbsf. Logging data were acquired only to about 412 mbsf.
JOIDES Resolution seismic reflection line 1 (shotpoints 5640-5780) crosses the site at shotpoint 5720 ( Fig. 2 and Table 1 ). The synthetic seismogram for Hole 834B (Fig. 3) shows reflections from the middle to lower part of Unit II (late Pliocene nannofossil ooze with volcanic sand and silt) and the top of Unit III (Pliocene thick volcanic sand and volcanic silt with nannofossil clayey mixed sediment), and from sediment interbeds within the basalt at about 136 and 162 mbsf. No strong reflections are generated at the top of the basalt at 112.5 mbsf or within the basalt below 162 mbsf.
The strongest reflection is from the lower part of Unit II, centered at about 70 ms. Examination of the sonic log shows that the strong reflection arises from a change in the velocity from about 1500 to 3800 m/s and back to 1500 m/s over the interval from 60 to 75 mbsf. In Hole 834A, with full recovery, no sediments were recovered with this velocity value. Hole 834B did not recover core from the high-velocity section. We wonder if this high velocity may reveal invalid logging 177° 48* data. However, the derived reflection on the synthetic seismogram fits very well with a strong reflection at 3.70-3.73 s on line 1 (Figs. 4-5) . Thus, despite not having sampled a lithology corresponding to the high velocity, we chose not to edit out this high-velocity data. The lack of a strong reflection corresponding to the top of the basalt at 112.5 mbsf is surprising, as a marked increase in velocity and density occurs there on the sonic and density logs. The corresponding reflection event is probably obscured by constructive interference with overlying events.
Positive reflections on the synthetic centered at about 145 and 165 ms (Fig. 3) correlate well with sediment interbeds at 136 and 162 mbsf. Below about 180 ms, only minor reflections are generated from velocity or density changes in basalt Units 6-12. Although some sediment was recovered within the basalts, no sediment interbed was thick enough to generate a reflection event.
Although some aspects of the synthetic are puzzling, mainly the strong Unit II reflection and the reflection-free zone at the Unit Ill/Unit 2 sediment/basalt contact, the synthetic matches well with the seismic reflection data (Figs. 4-5 ). The first event on the synthetic corresponds to a major change in reflection character on the reflection data, and the synthetic event generated at the 136-mbsf sediment interbed similarly matches a moderately continuous event on the data for line 1. On line 1, reflections from below the basalt have a roughly layered appearance throughout the seismic reflection profile. Based on the synthetic seismogram, we postulate that these events may correspond to sediment interbeds within the basalt. Figure 3. Plot of sonic velocity from logging data (m/s), plot of calculated reflection coefficients, simplified lithologic column, and synthetic seismogram for Hole 834B. Lithologic column is from Parson, Hawkins, Allan, et al. (1992, pp. 85-180) . Two-way traveltime in ms annotated on left side of each column, and depth in mbsf annotated on right side.
Site 835
Site 835 The synthetic seismogram reflections match the real reflections on seismic line 2 moderately well . The sedimentary section lies between 0 and 150 ms (0-145 mbsf) on the reflection data, and seismic reflections indicate that the sediments are poorly layered. The first major reflection at 145-165 ms on the synthetic seismogram correlates with the first strong reflection on the seismic record at about 4.05 s, and also correlates with a mud-clast conglomerate sampled in the borehole at the base of Unit I (122-128 mbsf). A reflection centered at about 180 ms (140 mbsf) arises from rocks within Unit IL No obvious lithologic unit or change is seen in the sampled sediments to account for this reflection. However, high velocities were recorded on P-wave logger data, consistent with the velocity log results. Strong reflections below about 220 ms correspond to the basalt.
Site 836
Site 836 JOIDES Resolution seismic reflection line 3 (shotpoints 7740-7910) crosses the site at shotpoint 7814 ( Fig. 10 and Table 1 ). We show in Figure 11 the reprocessed and migrated seismic line with a lithologic column spliced in at shotpoint 7814 (Fig. 11) . The conversion of depth to time is made using velocities measured on board, where P-wave logger velocities in the sediments average 1527 m/s, and 11 measured basalt samples have an average velocity of 4442 m/s (Parson, Hawkins, Allan, et al., 1992, pp. 247-287) . The entire cored section lies in the upper 45 ms of reflections on the seismic record.
Site 837
Site 837 is located in 2752 m of water in the central Lau Basin about 160 km east of the Lau Ridge remnant arc and about 69 km west of the axial rift zone of the ELSC (Figs. 1 and 12 ). An 84-m-thick Pliocene and Pleistocene sedimentary sequence and about 15.6 m of basalt were cored to a total depth of 99.6 mbsf. The sediment thickness was variable: in Hole 837A, 84 m of sediment were cored, whereas in Hole 837B, 20 m away, only 72 m of sediment were cored. The region in which the site was located could be faulted or have a highly irregular basement surface.
JOIDES Resolution seismic reflection line 4 (shotpoints 1400-1560) crosses the site at shotpoint 1487 (Figs. 12-13 and Table 1 ). We show here the reprocessed and migrated seismic line with a lithologic column spliced in at shotpoint 1487. The conversion of depth to time is made using velocities measured on board, where F-wave logger velocities in the sediments averaged 1504 m/s and ranged between about 1500 and 1600 m/s, and two basalt samples had an average velocity of 3900 m/s (Parson, Hawkins, Allan, et al, 1992, pp. 289-335) . The entire cored section lies in the upper 120 ms of the reflections on the seismic record (from about 3.68 to 3.80 s). On the migrated seismic line across the site, only a weak basement reflection is observed at about 3.79 s. 
Site 838
Site 838 is located in 2323 m of water in the central Lau Basin, about 87 km west of the active backarc axis of the ELSC (Figs. 1 and  14) . The site cored 259 m of Pliocene and Pleistocene sedimentary rocks consisting of 23 m of clayey nannofossil ooze (Unit I, 0-23.04 mbsf); 75.7 m of thin to thick-bedded epiclastic volcanic sediments, including coarse vitric sands and gravels with interbedded nannofossil ooze (Unit II, 23.04-98.7 mbsf); and 160.5 m of poorly sampled sediments and sedimentary rocks including volcanic gravels, sands and conglomerates (Unit III, 98.7-259.2 mbsf). Logging reached only a depth of 220-230 mbsf as a result of filling of the hole bottom during and between logging runs.
JOIDES Resolution seismic reflection line 5 (shotpoints 5880-6050) crosses the site at shotpoint 5960 ( Fig. 14 and Table 1 ). The synthetic seismogram for Hole 838B (Fig. 15) shows reflections throughout the section, with the first major reflection at about 70 ms corresponding to the first appearance of volcanic gravel in the sampled sediments. The base of Unit II and the top of Unit III are marked by several strong reflections between about 90 and 130 ms. The base of Unit II contains volcanic gravel and pebbly coarse vitric sand; the strong reflections on the synthetic seismogram indicate that these units probably extend downward into the poorly sampled Unit III. Several low-amplitude reflections between 130 and 160 ms possibly correspond to conglomerates or gravels such as those sampled around 150 mbsf. A reflection-free zone extends to about 210 ms, possibly indicating a change to a finer grained, more uniform lithology than was present shallower in the hole. High-velocity spikes and a moderate seismic reflection at the base of Unit III may show further conglomerates and gravels deeper in the section. Reflections on the synthetic seismogram correlate reasonably well with dipping reflections on seismic line 5 between 3.15 and 3.3 s (Figs. 16-17 ).
Site 839
Site 839 and sedimentary rocks overlying basalt, and 283 m of basalt to a total depth of 517.2 mbsf. Logs were acquired to 473 mbsf (Fig. 18) . JOIDES Resolution seismic reflection line 6, shotpoints 630-867, crosses the site at shotpoint 775 ( Fig. 14 and Table 1 ). On the seismic line (Figs. 19-20) , the site is underlain by a sedimentary section that is faulted on the east and dips and thickens westward. A prominent unconformity is present within the sedimentary sequence, and the basement reflection lies at about 3.75 s.
Reflections between 90 and 160 ms (Fig. 18) arise from the lower part of Unit II (thin-and thick-bedded volcaniclastic vitric sands, silts, gravels, and some clayey nannofossil ooze) and the upper part of Unit III (composed of similar lithologies to Unit II, but not well sampled). These reflections are probably caused by the differences between nannofossil ooze and volcaniclastic sediments. A relatively reflectionfree zone is present between about 160 and 230 ms, which includes the lower two-thirds of Unit II, a poorly sampled section dominated by vitric sand and silt. The seismic data indicates that this part of the sedimentary sequence is lithologically rather uniform or massively bedded. From 230 to 300 ms, a strong series of reflections are caused by the first volcanic unit (Unit 1, 214.15-256.81 mbsf) and a sediment interbed (256.81-266.4 mbsf). The basalt unit is massively bedded and has high seismic velocities. Basalt Units 2-8, between 266.40 and 362.92 mbsf, are thin-bedded and characterized by low seismic velocities. This interval, from about 300 to 430 ms on the synthetic seismogram, produces very low-amplitude reflections. A sequence of strong reflections from 430 to 490 ms corresponds to the upper part of Unit 9, a high-velocity, thick-bedded basalt unit. Thus, the major basalt reflections are caused by the thick-bedded units.
On seismic line 6 (Fig. 20) , the unconformity within the sedimentary sequence at 3.61 s correlates well with the reflection at about 120 ms on the synthetic seismogram, which comes from the contact between Units II and III. The strong sequence of reflections from 240 to 300 ms correlates well with the reflections forming the basal sedimentary sequence and the top of the basalt at 3.75-3.80 s on the seismic line. Reflections from Unit 9 are present on the seismic line as short, discontinuous reflections between about 3.9 and 4.0 s. For this site, the synthetic seismogram provides an excellent correlation with the seismic reflection profile.
Site 840
Site 840 is located in 743 m of water on the crest of the Tonga Ridge about 45 km northeast of 'Ata Island, and about 130 km southwest of the islands of Tongatapu and 'Eua ( Figs. 1 and 21 ). Only sedimentary rocks were cored. Unit I (0-109.98 mbsf) consists of interbedded Pliocene and Pleistocene nannofossil ooze with clay, vitric nannofossil ooze with clay, vitric silt, and fine to very coarse grained vitric sand. Unit II (109.98-260.5 mbsf) is composed of late Miocene and early Pleistocene nannofossil chalks and vitric nannofossil chalks interbedded with clay, and grading down into vitric siltstones, vitric sandstones, and thick pumiceous gravel beds. Chalks dominate the sequence from 109.98 to 124.00 mbsf, and pumiceous gravels and sandstones dominate the sequence between 124.0 and 260.5 mbsf. Unit III (260.5-597.3 mbsf) consists of late Miocene volcaniclastic turbidites and nannofossil chalks, with volcaniclastic breccias and conglomerates in the lower part of the unit. Logs were acquired at depths of 572 to 527 mbsf in Hole 840B (Fig. 22) , with the hole gradually filling during the three logging runs.
S.R Lee multichannel seismic reflection lines 14 and 8 cross the site (Fig. 21 and Table 1 ). Line 14 (shotpoints 1890-2070, Figs. 23 A and 24A) trends parallel to regional strike, with Hole 840B located on the line at shotpoint 1970. Line 8 (shotpoints 1100-1297; Figs. 23B and 24B) trends parallel to regional dip and crosses line 14 at shotpoint 2021 about 2.5 km north of Site 840. We have projected the synthetic seismogram for Hole 840B onto line 8 at shotpoint 1200 based on correlating seismic reflection horizons from line 14. A difficulty in this projection is that a small fault cuts line 14 at about shotpoint 2015, just before the intersection with line 8. The character of the seismic reflections on the north side of the fault is slightly different than at Site 840, and the fit of the synthetic seismogram reflections to the observed reflections on line 8 is not as good, therefore, as the fit on line 14.
The generally reflective character of the synthetic (Fig. 22) is probably a result of alternating lithologies of chalk, turbidite sands, and gravels as well as the presence of thick vitric gravel beds throughout the drilled section. The synthetic seismogram shows no particular correlation to the Unit II/III boundary. The reflection events beginning at about 430 ms (about 400 mbsf) correspond to a zone of increasing velocity and density noted in the Initial Reports volume for Site 840 (Parson, Hawkins, Allan, et al., 1992) . This change in physical properties also corresponds to a zone of alteration from 367 to about 430 mbsf, with carbonate dissolution and where pore spaces are filled with clay minerals and zeolites, and to Horizon A, a major target for the drill hole and an unconformity that extends throughout the southern Tonga platform (Tappin et al., in press ). The combination of seismic unconformity and sediment alteration could indicate subaerial exposure and nondeposition or erosion as the cause of the unconformity (see Tappin et al., this volume) .
A reflection-free zone on the synthetic at about 540-550 ms matches another change in physical properties, in this case decreasing velocity and density values. The section between 490 and 500 mbsf corresponding to this decrease could contain an unconformity, as dip measurements below 500 mbsf range as high as 20° whereas dips above 490 mbsf are mainly <2°. This dip change is observed on line 8 (Fig. 24B) as a gentle unconformity, but the unconformity is not evident on line 14 (Fig. 24A) . The correlation of synthetic reflections to seismic reflections is moderately good below 1.5 s, although the reflection frequency is somewhat higher on the synthetic than on the seismic data.
The correlation of the synthetic seismogram with line 8 (Fig. 23B  and 24B ) is not as good as with line 14. The major reasons for this are (1) a slight thickening of the sedimentary sequences northward along line 14 to its intersection with line 8, (2) a significant change in reflection character across a small fault that is present on line 14 just southwest of the intersection with line 8, and (3) 
Site 841
Site 841 was drilled on the upper trench slope, west of the axis of the Tonga Trench, in a water depth of 4810 m (Figs. 1 and 25) . From 0 to 605 mbsf, Hole 84IB cored late Eocene through Pleistocene sedimentary rocks cut by Miocene basalt dikes; from 605 to 832 mbsf, rocks are from a rhyolitic-dacitic complex of unknown age. Logging data were acquired to total depths of between 545 and 555 mbsf in Hole 841C (Fig. 26) . S.P. Lee line 12, shotpoints 1700-1880, crosses the site at shotpoint 1758 (Table 1 and Figs. 27A and 28A) . JOIDES Resolution seismic reflection line 8 (Table 1 and Figs. 27B-27C and 28B-28C) crosses the site twice (Fig. 25) , with a downslope crossing between shotpoints 220 and 420 (borehole at shotpoint 267), and a slope parallel crossing between shotpoints 840 and 1020 (borehole at shotpoint 931).
Synthetic seismograms were computed to match the multichannel and single-channel seismic reflection data (Fig. 26) . The two seismograms differ for two main reasons. First, the polarity of the multichannel synthetic seismogram is opposite to the single-channel seismogram 
176° 46'
176° 44" to achieve the best fit with the pulse recorded on the S.R Lee data. The result is that the major positive amplitude reflections on the multichannel-based seismogram are shifted downward by about 20 ms relative to the single-channel seismogram (Fig. 26) . Second, shifts in the position of the calculated reflections are a result of the differing dominant frequencies of the two kinds of data (25 Hz for multichannel seismic; 45 Hz for single-channel seismic).
Major reflections at about 125 and 260 ms (single-channel seismic) or 145 and 280 ms (multichannel seismic) arise from abrupt downhole increases in the average sonic velocity at 117 and 247 mbsf (Fig. 26) . These reflections lie within Unit II (interbedded clay with glass, and vitric silt and sand), but no distinct lithologic changes were noted on core or logs from the unit that might cause the reflections. At 117-130 mbsf, the only change in lithology corresponding to the upper reflection is an increase in the amount of clay below 130 mbsf. No significant change in the lithology occurs at 245 mbsf, corresponding to the 260-290 ms reflection.
The velocity and density contrast between Units II and III (volcanic conglomerate interbedded within vitric siltstone and sandstones) creates three reflections at 325-375 ms on the single-channel seismogram, but produces no reflection on the multichannel seismogram (Fig. 26) . Velocity and density changes at a major fault at 458 mbsf correspond to high-amplitude reflections centered on about 425 ms on the singlechannel seismogram and about 440 ms on the multichannel seismogram. Numerous thin basalt dikes were penetrated in the interval from 342 to 450 mbsf, and were especially common from 375 to 419 mbsf. These dikes do not have corresponding individual reflections, but combine together to create several low-amplitude reflections between about 375 and 410 ms on the single-channel seismogram and a strong reflection at about 440 ms on the multichannel seismogram. The synthetic seismograms show only a poor correlation with reflections on the seismic lines, in part because the seismic reflection data have few continuous reflections. The lack of correlations is also likely a result of rapid lithologic changes, extensive minor faulting, and the large area sampled by the seismic reflection data compared with the small area of the borehole. On multichannel line 12 (Figs. 27A and 28A), few good continuous reflections are present near Site 841. Reflections from the upper 0.5 s of the seismic record could come from clay-dominated Unit I, which lies entirely above the computed synthetic seismogram. The strong upper reflection from within Unit II correlates with a weak, westward-dipping reflection at about 6.6 s. Other reflections on the synthetic seismogram correlate only poorly with reflections on the seismic record. A strong reflection on the seismic profile at 7.0 s probably correlates with a major fault penetrated at 605 mbsf; this fault separated sedimentary rocks from highly altered rhyolitic igneous rocks.
On the downslope portion of single-channel line 8 (Figs. 27B and 28B), the upper reflection from within Unit II correlates strongly with a flat-lying to trenchward-dipping unit at about 6.58-6.6 s. The fault zone reflection at 6.9 s correlates to the top of a poorly defined zone of westward-dipping reflections; the top of this set of reflections appears to outcrop on the slope at about 6.8 s beneath shotpoint 430. On the slope-parallel segment of single-channel line 8 (Figs. 27C and   28C ), indistinct, discontinuous reflections lie between about 6.7 and 7 s; the reflections from rocks at the top of Unit III to below the fault zone roughly correspond to this fuzzy band. The fault zone reflection appears to lie within the lower part of this band, and the base of the band may lie at about the 605-mbsf fault horizon or at about 7.0 s on the seismic reflection data.
SUMMARY
For Leg 135 sites, the match between synthetic seismograms and real data is variable. Along lines crossing Sites 834-835 and 838-840, some excellent correlations are present, particularly at unit boundaries and with basement basalt. Some of the reflections observed also correlate with conglomeratic units and beds of coarse vitric gravel or sand. A seismic unconformity present within the sedimentary section at Site 839 corresponds to a synthetic seismogram reflection arising from the Unit I/II contact at that site. Observed reflections correlate to synthetic reflections arising from sedimentary interbeds within basalt at Site 834 but not at Site 839. Observed reflections are also associated with basalts within the sedimentary section at Site 841. For Site 841, the match of the synthetic seismogram to real data is poor, primarily because of the absence of continuous reflections on the seismic data. Poor correlations between synthetic and real data are also caused by rapid lithologic changes at Site 840, and probably by a combination of poorly reflective data, rapid lithologic changes, and complex structure at Site 841. 
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